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infrared, visible or UV beam. 

The region over which the energy beam is applied is 
pref. elongate and extends completely across the layer. 
Relative motion is effected between the layer and the beam 
emitter so that the radiated energy is directed onto that 
layer in a scanning direction transverse to the longitudinal 
dimension of the region causing the region to scan over 
the layer converting it to single crystal material. 

Continuous auxiliary motion transverse to the scanning 
direction is superimposed on the relative motion to 
improve uniformity of recrystallisat ion of the semi- 
conductor layer as the region passes over it. The 
auxiliary motion is pref. oscillatory. (14pp296SBDwgNoO/8 
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Method of forming a semiconductor device comprises y 

(a) preparing a base body; 

(b) forming a non- single crystalline layer; and 

(c) irradiating ths layer with an energy beam having a strip 
shaped irradiation region so that either body or beam is 
moved in a direction other than the scanning direction of 
the energy beam. 

ADVANTAGE 

The devices show improved quality of the single crystal 
layer obtd. from the non- single crystal layer v/ith con- 
sequent improved properties. 

DKTAILS 

The energy beam is transversely oscillated wrt the 
scanning direction of the energy beam. The amplitude of 
the oscillation ranges from 50 )x S. The energy beam is 
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© A method for producing a single crystalline semiconductor layer. 

© 

A method of producing a crystalline semiconductor layer 
comprises preparing a base body, forming a nonsingle- 
crystalline semiconductor layer (4) on the base body, and 
irradiating the nonsingle-crystalline semi-conductor layer 
with an energy beam having a strip shaped irradiation region 
which is scanned over the said layer to bring about 
single-crystallization. Oscillation (12) in a direction trans- 
verse to the scanning direction (X) is superimposed on the 
scanning motion so as to improve uniformity of recrystalliza- 
tion. 
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A MEdLiD FOR PRODUCING A SINGLE^CRYsUjLLINE 
SEMICONDUCTOR LAYER 

The present invention relates to a method for 
producing a single-crystalline semiconductor layer , for 
example for use in a semiconductor device. 

Semiconductor devices having a silicon-on-insula- 
ting-substrate (SOIS) structure have become a focus of 
attention in the art as they are suitable for forming 
elements with high density and facilitate high-speed 
element operation . 

In a semiconductor device having an SOIS structure, 
nonsingle-crystalline silicon formed on an insulating 
layer or other insulating substrate is single-crystalli- 
zed by being melted. Then, an element having a transis- 
tor, resistance, or other function is formed on the 
single-crystallized silicon layer. 

In the process for single-crystallization of the 
nonsingle-crystalline silicon layer, a beam irradiation 
process is often used. The conventional method, however, 
has problems with the quality of- the obtained single- 
crystalline silicon layers, which problems tend to limit 
both the electrical properties and production yield of 
semiconductor devices formed on the single-crystalline 
silicon layers. 

An embodiment of the present invention can provide 
a method for producing a semiconductor device comprising 
the steps of: preparing a base body; forming a nonsingle- 
crystalline semiconductor layer on said base body; and 
irradiating said nonsingle-crystalline semiconductor lay- 
er with an energy beam having a strip shaped irradiation 
region in such a manner that either one of said base 
30 body or said energy beam is moved in a direction other 
than a scanning direction of said energy beam. 

Such an embodiment can be carried out so as to 
provide an improved heat-treatment method of single 
crystallization as compared with a prior art method. 
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1 Reference will now be made, by way of example, to 

the accompanying drawings, in which; 

Figs. 1A and IB are a schematic top plan view, 
for explanation of a prior method, and a cross-sectional 
5 view of Fig. 1A respectively; 

Fig. 2 is a schematic view of a conventional state 
of single crystallization; 

Figs. 3A and 3B are a schematic top plan view 
for explanation of an embodiment of the invention and 
10 a cross-sectional view of Fig. 3A, respectively; 

Fig. 4 is a schematic view of a process for heat 
treatment of a polycrystalline silicon layer using a 
main heater and an additional heater; 

Fig. 5 is a schematic cross-sectional view of a 
15 process for heating a polycrystalline silicon layer by 
. a lamp; 

Fig. 6 is a cross-sectional view of an example of 
a slit plate for use in a method embodying the inven- 
tion; 

20 Fig. 7 is a schematic cross-sectional view for 

explanation of oscillation apparatus for use in a method 
embodying the present invention; and 

Fig. 8 is a cross-sectional view of an example of 
a semiconductor device produced by an embodiment of the 
25 present invention. 

Before describing the preferred embodiments, a 
discussion will be made of the conventional method and 
its attendant problems • 

Figures 1A and IB schematically show a conventional 
30 infrared ray heating process in which a nonsingle- 
crystalline silicon layer is changed to a single- 
crystalline silicon layer. 

As shown in Figs. 1A and IB, a carbon strip heater 
1 which has a strip shaped irradiation region and is 
35 heated to a temperature from 1500°C to 1600°C is 

supported near the upper surface of a polycrystalline 
silicon layer 4 formed on, for example, a silicon 
dioxide layer 3 on a silicon substrate 2. The silicon 
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1 substrate 2 or the carbon heater 1 is moved transversely 
with respect to the axis of the carbon strip heater 1. 
A band shaped infrared ray beam irradiated from the 
carbon heater 1 is scanned from a portion of the poly- 
5 crystalline silicon layer 4 to the direction marked by 
reference numeral 8 to gradually melt the polycrystal- 
line silicon layer 4. The melted silicon liquid 6 is 
recrystallized to form a single-crystallized silicon 
layer 5. A preliminary heater 7 is to heat the silicon 
10 substrate 2 and the polycrystalline silicon layer 4 
uniformly. 

If the carbon strip heater 1 gives off an uneven 
temperature or if it has even slight unevenness on its 
surface, a boundary surface 9 between the melted silicon 

15 liquid 6 and the single-crystalline layer 5 becomes zig- 
zag in form, as shown in Fig. 2. This results in the 
formation of small angle grain-boundaries 10 and twin 
crystal regions 11 at a plurality of the uneven points. 
This affects the quality of the obtained single crystal- 

20 line silicon layer and, therefore, the electrical 

properties and production yield of the semiconductor 
device using the single-crystalline silicon layer as an 
element forming substrate. 

Referring to Figs. 3A and 3B a substrate to be treated 

25 is horizontally mounted on a heated XY stage 7. A silicon 
dioxide (Si0 2 ) insulating layer 3 having a thickness of 
approximately 1 to 2 ym (microns) is formed on a silicon 
substrate 2. A polycrystalline silicon layer 4 is 
formed by chemical vapor deposition on the silicon 

30 dioxide insulating layer 3. A bar-shaped carbon 

heater 1 heated to a temperature of 1500°C to 1600°C is 
supported at a position 1 mm from the upper surface of 
the substrate to be treated, i.e., the surface of the 
initial polycrystalline silicon layer 4. 

35 A band-shaped infrared ray beam from the bar-shaped 

carbon heater 1 is scanned in the X axial direction at a 
speed of approximately 1 mm per second on the poly- 
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crystalline Silicon layer 4 to melt the layex 4 and 
recrystallize it to form a single-crystallized silicon 
layer 5. 

During the scanning, the substrate to be treated 
and the carbon heater 1 are relatively oscillated in the 
direction Y of the carbon heater 1 at a frequency of 
1 KHz and an amplitude of 1 mm. It is preferable that 
the oscillating speed be larger than at least 10 times 
the beam scanning speed. Further it is preferable that 
the amplitude of the oscillation range from 50 y m to 
50 mm. For the oscillation and scanning, either the 
substrate or the carbon heater 1 may be moved. 

The repeated movement of the beam over the same 
surface portion of the polycrystalline silicon layer 4 
by the relative oscillation 12 between the carbon heater 1 
and the substrate acts against any unevenness of the 
temperature of the carbon heater 1 or unevenness of the 
surface of the carbon heater 1 to produce a uniform 
temperature distribution in the silicon liquid 6. This 
results in an improved single-crystallized silicon 
layer 5, as regards the occurence of small -angle- grain- 
-boundaries or twin crystal regions, everywhere except for 
a circumferential edge portion 14 where grain boundaries 
are formed. 

As shown in Fig. 4 in an embodiment of the present 
invention, two carbon strip heaters 11 and 15 may be 
used in place of a single carbon heater 1. An additional 
carbon heater 15 preliminarily heats a region, adjacent 
to where a main carbon strip heater 11 is capable of 
uniform heating, at a temperature a little lower than 
the melting point of silicon. Provision of the addi- 
tional carbon strip heater 15 in front of the main 
carbon strip heater 11 increases the uniform heating 
effect of the main carbon strip heater 11 on the poly- 
crystalline silicon layer 4. In the figure, the arrow 
mark 13 shows the scanning direction. 
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It is preferable that the polycrystalline silicon 
layer 4 be heated in such a manner that the center 
surface of the polycrystalline silicon is cooled earlier 
than the circumference of the polycrystalline silicon. 
Such a heating process allows the single crystallization 
to occur from the center portion to the circumference of 
the polycrystalline silicon layer 4. This enables an 
entirely uniform single-crystallized silicon layer 
across the silicon wafer to be obtained. A tungsten 
lamp may be used in place of a carbon strip heater, as 
shown in Fig. 5. A beam irradiated from the tungsten 
lamp 16 is reflected by a mirror 17 made of gold-plated 
aluminum or the like to heat a silicon wafer la on a 
preliminary heated stage 7 through a bar-shaped slit 
15 formed in a slit plate 20. The mirror 17 is cooled by a 
water tank 18. The arrow mark shows the flow of water. 

In the above heating process, the slit plate 20 may 
be replaced by a. slit plate 21 having a slit 21a, as 
shown in Fig. 6. The slit plate 21 enables heating of 
the wafer including the polycrystalline silicon layer to 
be carried out in such a manner that center portion of 
the wafer is cooled earlier than the circumferential 
portion, again resulting in entirely uniform single- 
-crystallization. 

Figure 7 shows an example of an oscillating device for 
use in enrbodiments of the invention. In this case, the heater 
is a tungsten lamp 16 provided in a lamp chamber 25. 
The chamber 25 is oscillated by an ultrasonic vibrator 
27. The beam 26 from the lamp 16 therefore oscillates 
when irradiating a wafer 24 positioned on a hot stage 22 
heated by a heater 23. 

The process of forming a semiconductor, e.g., one 
having metal oxide semiconductor (MOS) transistors, 
after forming the single-crystallized layer, is shown in 
35 Fig. 8. Boron ions, for example, are implanted to the 
single-crystallized silicon layer 29 formed on the 
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silicon dioxiufe layer 3 on single-crystallxae silicon 
wafer 2 and annealed to form a P-type single-crystal- 
lized silicon layer 29; Then, a plurality of mesa-type 
silicon islands 28, comprising the P-type single- 
-crystallized silicon layer, are formed by separating 
the P-type single-crystallized silicon layer into a 
plurality of regions by either a well-known etching 
or selective oxidation process. Then, gate oxidation 
film 30 is formed on the silicon islands 28 by a 
thermal oxidation process or the like. After that, 
polycry stalline silicon gate electrodes 31 are formed 
on the gate oxidation film 30 by a Chemical Vapor 
Deposition process and etching process. Arsenic ions 
are then selectively implanted to the P type single 
crystallized layer using the silicon gate 31 as a 
masking film. After that, the implanted portion is 
annealed to obtain N + type source regions 32 and N type 
drain regions 33. Thus, after metalization and 
passivation, a semiconductor IC of an S01S structure 
having a MOS transistor can be completed. 

It will be appreciated that each of the above- 
described embodiments of the invention provides a method 
of producing a crystalline semiconductor layer, compri- 
sing the steps of: 

forming an initial semiconductor layer on a 
substrate } 

causing radiated energy to be incident on the semi- 
conductor layer over a region thereof that is elongate in 
form and extends longitudinally completely across that 
layer; and 

bringing about relative motion, between the said 
layer and means whereby the said radiated energy is direc- 
ted onto that layer, in a scanning direction transverse 
to the longitudinal dimension of the said region so as to 
cause the said region to scan over the said layer thereby 
to bring about conversion of the layer to substantially 
single-crystalline semiconductor material; 

wherein continuous auxiliary motion transverse to 
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the said scannxng direction is superimposed on the said 
relative motion so as to improve uniformity of recryst- 
allization of the semiconductor layer as the said 
region passes over it. The radiated energy beam may 
be provided, for example, by an infrared ray beam, a 
visible ray beam or an ultraviolet ray beam. 
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1. A method of producing a semiconductor device comp- 
rising the steps of: 

preparing a base body; 

forming nonsingle-crystalline semiconductor layer 
on said base bodyj and 

irradiating said nonsingle-crystalline semiconduc- 
tor layer with an energy beam having a strip shaped 
irradiation region in such a manner that either one of 
said base body or said energy beam is moved in a direc- 
tion other than a scanning direction of said energy 
beam* 

2. A method according to claim 1 f wherein said energy 
beam is transversely oscillated with reference to said 
scanning direction to said energy beam. 

3. A method according to claim 2, wherein an 
amplitude of said oscillation of said energy beam ranges t 
from 50 jam to 5 mm. 

4. A method according to claim 1, wherein said energy 
beam is selected from a group comprising an infrared 
ray beam, a visible ray beam, and an ultraviolet ray 
beam. 

5. A method of producing a crystalline semiconductor 
layer, comprising the steps of: 

forming an initial semiconductor layer on a 
substrate > 

causing radiated energy to be incident on the semi- 
conductor layer over a region thereof that is elongate 
in form and extends longitudinally completely across that 
layer } and 

bringing about relative motion, between the said 
layer and means whereby the said radiated energy is direc- 
ted onto that layer, in a scanning direction transverse 
to the longitudial dimension of the said region so as to 
cause the said region to scan over the said layer thereby 
to bring about conversion of the layer to substantially 
single-crystalline semicqnductor material ; 



1 char a(")2ri zed in that continuous auxif~^ary motion 

transverse to the said scanning direction is superimposed 
on the said relative motion so as to improve uniformity 
of recrystallization of the semiconductor layer as the 

5 said region passes over it. 

6. A method as claimed in claim 5 wherein the said 
continuous auxiliary motion is an oscillatory motion. 

7. A method as claimed in claim 5 or 6 wherein the said 
continuous auxiliary motion is substantially parallel to 

10 the semiconductor layer. 
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Fig. 3A 




Fig. 3B 
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Fig. 4 
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Fig. 7 



I6 25 




n 



26 

1/ / / / / / / 24 





